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I. INTRODUCTION

The stratospheric ozone layer has been studied for most of this
century. It attained practical significance, however, in the early 1970s
when several theories were proposed that human activities were causing
its depletion. One of these theories implicated chlorofluorocarbons
(CFCs) and similar substances in ozone destruction.1 Subsequent
research has convinced most that ozone depletion by these chemicals has
been factually proven, and that dire consequences can be expected if
they are not banned. As a result, CFCs and other halogenated
compounds are rapidly being phased out of production.
However, contrary scientific opinion is beginning to emerge. A
number of experts believe that the ozone depletion issue has been
exaggerated. Sound evidence exists that unprecedented worldwide
depletion of the ozone layer is not occurring. In addition, the predictions
of depletion-induced harm to humans and the environment are losing
scientific support.
At the same time, the estimated costs of eliminating CFCs have
been understated. These compounds have a number of important
applications, and progress has been slow in developing safe, efficient,
and reliable substitutes. The rapid CFC phaseout may have a
deleterious impact on the standard of living throughout the world. Some
believe the costs of the phaseout outweigh the benefits.
II. THE HISTORY OF THE OzONE DEPLETION ISSUE
A.

Early Ozone Depletion Theories

Before the focus on CFCs as the cause of stratospheric ozone
depletion, other theories were proposed. Aircraft, rockets, space
shuttles, nuclear tests, fertilizers, farm animal wastes, leguminous
crops, and acid rain were considered as anthropogenic sources of ozonedepleting substances. 2 While the existence of these discarded theories
neither proves nor disproves CFC-induced ozone depletion, their
evolution provides insight into how and why these theories, regardless
of their merit, can gain acceptance and ultimately affect the law.

1. Mario J. Molina and F. Sherwood Rowland, Stratospheric Sink for
Clorofluoromethanes:ChlorineAtom-CatalysedDestructionof Ozone, 249 NATURE 810
(1974).

2. Hugh W. Ellsaesser, Ozone DestructionBy Catalysis: Credibilityof the Threat,
12 ATMOSPHERIC ENV'T 1849, 1849 (1978).
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Best known of the pre-CFC theories was the belief that the
Supersonic Transport (SST) would deplete the ozone layer. A few
scientists proposed the theory, based on a model, that water vapor from
SST exhaust would cause depletion.3 They advanced this theory despite
the fact that actual measurements of stratospheric water vapor levels
and ozone levels indicated no correlation.' Other versions focused on
SST emissions of nitrogen oxides (NOx).' Again, these theoretical
models were contradicted by measured data showing no link between
NOx concentrations and stratospheric ozone levels.
The proponents of these theories predicted stratospheric ozone
depletions as high as 70 percent, which would cause an increase in
ground level ultraviolet radiation and result in a skin cancer epidemic.'
The media, for the most part, reported these theoretical predictions as
fact, ignoring the weaknesses in the evidence as articulated by
numerous dissenting scientists. Subsequently, Congress cancelled the
SST program, due in part to public concerns about cancer!
Additional evidence has shown that the SST-ozone depletion theory
probably overstated the threat, although nothing can be said with
certainty because neither water vapor nor NOx emissions has been given
much attention since the ozone issue shifted its focus to CFCs. But it
is now known that other sources of stratospheric water vapor and NOx
are more significant than the suspected SST contribution.8 Also, the
European SSTs and several other types of aircraft currently fly at high
altitudes, with no known effect on ozone. In a reversal, many CFC-

3. Hugh W. Ellsaesser, Should We Trust Models Or Observations?, 16
ATMOSPHERIC ENV'T 197, 197-198 (1982).

4. Id.
5. Id. at 203-204.
6. See Harold S. Johnston, Reduction of Stratospheric Ozone by Nitrogen Oxide
Catalysts From Supersonic Transport Exhaust, 173 SC. 517 (1971); Harold S.
Johnston, The Concorde, Oxides of Nitrogen, and StratosphericOzone, 3 SEARCH 276

(1972).
7. S. Fred Singer, My Adventures in the Ozone Layer, NAT'L REv., June 30, 1989,

at 34.
8. Id. at 35.
9. Id.
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ozone depletion proponents now believe that NOx increases stratospheric
ozone by interfering with chlorine catalyzed destruction.'0
Each party involved in the SST theory had reasons, some good and
some not, for their role. The scientists who created and promoted the
issue received large amounts of funding and publicity.
Career
aspirations may have affected scientific objectivity." The members of
the media had motives ranging from the desire for a good story to a
well-intentioned but naive attempt to inform the public about a
seemingly genuine environmental threat. The legislators who voted to
end the SST program were primarily responding to constituent concerns
about skin cancer.
Thus, the SST episode has many of the elements of the CFC
controversy: a group of scientists promoting a new hypothesis of ozone
destruction, measured evidence being ignored that contradicts the
theoretical models, the media exaggerating both the degree of scientific
consensus and the severity of the threat, the public being panicked by
a cancer scare, and Congress passing draconian legislation in response
to public opinion.
In fact, little is new with the CFC issue.
Unfortunately, little has been learned from the past.
B.

The CFC-Ozone Depletion Theory

1. The Development of the Science. In 1974, a few years after the
SST controversy, a new ozone depletion theory was reported by F.
Sherwood Rowland and Mario J. Molina." It implicated CFCs and
other halogenated compounds of anthropogenic origin as ozone
depleters." Simply stated, the theory held that CFCs rise to the
stratosphere where they are broken down by ultraviolet light, releasing
their chlorine atoms. 4 The chlorine then breaks down stratospheric
ozone molecules in a catalytic reaction, significantly reducing ozone

10. See Susan S. Solomon et al., On the Depletionof Antarctic Ozone, 321 NATURE
755 (1986).
11. In contrast to the proponents of the SST-ozone depletion theory, its many
critics received little funding and media attention.
12. Molina, supra note 1.
13. Id.
14. Id.
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concentrations.15 Since ozone blocks most of the harmful solar rays, its
depletion would result in an increase in ground level ultraviolet
radiation.'
The theory was based on several assumptions, none of which were
known to be true at the time.' Soon, a structural framework was
created to conduct research on ozone depletion. In the U.S., the
National Oceanic and Atmospheric Administration (NOAA), and the
National Aeronautics and Space Administration (NASA) created units
to deal specifically with ozone depletion. Internationally, the World
Meteorological Organization (WMO) and the United Nations
Environment Programme (UNEP) became involved in data gathering as
well as policy setting. In 1986, all of these organizations collaborated in
the creation of the Ozone Trends Panel. 8
These organizations have conducted a large volume of research on
several aspects of the ozone depletion issue. Generally, all of the groups
have concluded that the earth's ozone layer is being depleted by CFCs
and other halogenated substances, with serious human and
environmental effects. 9 Of the research conducted, a few studies stand

15. Id. at 811. Although ozone is constantly being created during daylight hours,
the catalytic destruction of ozone is hypothesized to occur at rates faster than ozone
formation.
16. See Pythagoris Cutchis, StratosphericOzone Depletion and Solar Radiation

on Earth, 184 Sci. 13 (1974).
17. For example, the theory assumes that CFCs rise to the stratosphere in
significant quantities and natural sources of chlorine do not. It also assumes that
once in the stratosphere, CFCs are broken down by sunlight, releasing chlorine atoms
which catalyze the destruction of stratospheric ozone. Molina, supra note 1, at 811812.
18. See OZONE TRENDS PANEL, EXECUTIVE SUMMARY OF THE OZONE TRENDS
PANEL 1 (1988). As the stratospheric ozone bureaucracy developed, its positions were
filled almost entirely by proponents of the CFC-ozone depletion theory. The theory's

skeptics have had little opportunity for involvement. In effect, the scientific and
policy making authority has been left in the hands of the theory's creators and
strongest believers, though they represent only one side of the issue. The checks and
balances of an open debate have been absent.
19. These U.S. and U.N. backed organizations have a near monopoly on the
research. The enormous costs of conducting ozone research (much of which requires
stratospheric flights, sensitive measuring devices, satellite data, Antarctic excursions,
or supercomputers) preclude most others from getting involved. Thus, the decisions
made by NASA, NOAA, UNEP, and WMO as to which types of research projects to
fund, which projects to avoid, and who will conduct them have had a determinative

STRATOSPHERIC OZONE DEPLETION

[Vol. 2

out as having had the greatest impact on the direction of the issue. The
1988 Ozone Trends Panel Report, a large scale re-analysis of ozone
measurements, concluded that significant ozone depletion was occurring
on a global scale." It also confirmed the existence of seasonal thinning
of ozone in Antarctica, as reported by a team of British scientists in
1985." A similar study was conducted by WMO and UNEP, and its
findings were released in a 1991 press conference." It concluded that
ozone depletion is even more extensive than stated in the 1988 Ozone
Trends Panel Report.' In 1992, NASA announced that unprecedented
levels of chlorine monoxide (C10), believed to cause ozone depletion, were
detected over the Arctic and extended into parts of the northern United
States.' They predicted an imminent ozone hole similar to the ones
seen in the Antarctic.'
As a result of these announcements, most
believe that CFCs are causing severe depletion of the earth's ozone
layer, and that immediate action is needed to thwart a catastrophe.
2. The Development of the Law. During the 1970s, there was little
legislative action to curtail CFC usage. The only legal restriction was
on the use of CFCs as aerosol propellants, an application where CFCs
could be easily replaced by other systems.26 Otherwise, ozone depletion
continued to be studied, but no important legislation was enacted.
The issue was revived by the 1985 Antarctic ozone hole discovery.
For the first time, there was a widespread feeling that urgent action was
needed. With U.S. support, the Montreal Protocol on Substances That

impact on the development of the scientific evidence.
20. OZONE TRENDS PANEL, supra note 18, at 2.
21. See J. C. Farman et al., Large Losses of Total Ozone in Antarctica Reveal
Seasonal ClOx/NOx Interaction, 315 NATURE 207 (1985).
22. UNEP AND WMO, ExEcUTIvE
STRATOSPHERIC OZONE (1991).

SUMMARY-SCIENTIFIC

ASSESSMENT

OF

23. Id. at 1.
24. See Scientists Say Arctic "Ozone Hole" Increasingly Likely, NASA NEWS,

February 3, 1992.
25. See Warren E. Leary, Record Rise in Ozone-Destroying Chemicals Found in
North, N.Y. TIMES, February 4, 1992, at C4.
26. Toxic Substances Control Act, 15 U.S.C. §§ 2601-29 (1988).
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Deplete the Ozone Layer (Montreal Protocol) was signed in 1987.27
Under the Montreal Protocol, the first worldwide restriction on reputed
ozone depleting substances was enacted.' It called for a 50 percent
reduction in CFC production by 1998.'
However, the 1988 Ozone Trends Panel Report implied that
stronger action was necessary."0
As a result, the 1990 London
Amendments to the Montreal Protocol required a total production
phaseout of CFCs by the year 2000, and strengthened enforcement
provisions.3' In addition, the Clean Air Act Amendments of 1990 were
enacted." Under Title VI of the Act, the U.S. adopted a phaseout

27. Montreal Protocol on Substances that Deplete the Ozone Layer, Sept. 16,
1987, 26 I.L.M. 1541.
28. Id.
29. Id.
30. OzoNE TRENDS PANEL, supra note 18, at 2-5. After the 1988 Ozone Trends
Panel Report, the only organized resistance to CFC restrictions began to collapse.
The Alliance for Responsible CFC Policy, a group representing CFC producers and
users, capitulated under the weight of public opinion and political pressure. The
Alliance had a broad-based membership, but was dominated by the major CFC
producers, particularly E.I. du Pont de Nemours and Company (Du Pont). For Du
Pont, a well diversified company not dependent on CFC profits, any gains from
continuing to fight CFC restrictions were no longer worth the risk of adverse
publicity and political retribution, especially considering that they are in a position
to profit in the CFC substitute market. When Du Pont and the Alliance reversed
their position and supported a greatly accelerated CFC phaleout, they left a void that
was never filled. Other affected groups that had relied on the Alliance, such as
equipment manufacturers and workers who will be occupationally exposed to
potentially dangerous CFC substitutes, lacked the organization and finances to

launch an independent effort. In addition, no consumer group attacked CFC
phaseouts on the grounds that the enormous costs to be borne by users of
refrigeration and air conditioning were not justified by the scientific evidence. On the
other side of the issue, environmental organizations such as the Environmental
Defense Fund, Friends of the Earth, and the Natural Resources Defense Council,
unopposed by any group, used citizen suits and lobbying efforts to win increasingly
harsh CFC restrictions.
31.

UNITED NATIONS ENVIRONMENT

PROGRAMME,

REPORT OF THE SECOND

MEETING OF THE PARTIES TO THE MONTREAL PROTOCOL ON SUBSTANCES THAT

DEPLETE THE

OZONE LAYER (1990).

32. Clean Air Act Amendments of 1990, Pub. L. No. 101-549, 104 Stat. 2399
(codified as amended at 42 U.S.C. §§ 7401 to 7671q (Supp. 1990)).
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similar to that in the London Amendments, to be implemented by the
Environmental Protection Agency (EPA).33
The Clean Air Act also allows for an acceleration of the phaseout
based on subsequent scientific evidence, improved substitute refrigerant
availability, or a strengthening of the Montreal Protocol.34 There are
no provisions to slow down or eliminate the phaseout based on
subsequent evidence.
In 1992, in response to the NASA announcement of high Arctic C10
levels, the Senate unanimously agreed to accelerate the phaseout for
most CFCs to 1995."5 The recent Copenhagen Amendments to the
Montreal Protocol also accelerated the timetables to 1995 for CFCs, and
set the strictest limits yet for HCFCs, with production quotas beginning
to take effect in 1996.6
III. THE SCIENTIFIC EVIDENCE OF CFC-INDUCED
OZONE DEPLETION

The perception is widespread that the ozone depletion theory has
been proven beyond a doubt. Many believe that worldwide ozone levels
have undergone a significant measured decline, an unprecedented ozone
hole has opened in the Antarctic, and CFCs have clearly been implicated
as the cause.37 However, a critical review of the scientific data reveals

33. 42 U.S.C. § 7671 (Supp. 1992).
34. 42 U.S.C. § 7671e (Supp. 1992).
35. 138 CONG. REC. S1128 (daily ed., Feb. 6, 1992). Several months later, NASA
issued a retraction, stating that the CIO increase was already in the process of
returning to normal at the time of the original press conference, and that the
predicted Arctic ozone hole never materialized. NASA SpacecraftFinds LargeArctic
Ozone DepletionAverted, NASA NEWS, April 30, 1992, at 1. However, by the time of
the retraction, the original announcement already had an irreversible impact on the
law.
36. UNITED NATIONS ENVIRONMENT PROGRAMME, REPORT OF THE FOURTH
MEETING OF THE PARTIES TO THE MONTREAL PROTOCOL ON SUBSTANCES THAT

DEPLETE THE OZONE LAYER (1992)[hereinafter UNEP]. HCFCs are refrigerants

similar to CFCs but believed to have a smaller ozone depletion potential. They will
play an important part in replacing CFCs until new, non-halogenated substitute
refrigerants and systems are ready.
37. See AL GORE, EARTH IN THE BALANCE 85-88 (1992).
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a different story. In reality, there is little convincing evidence that
CFCs are depleting the ozone layer.
A.

Measured Ozone Levels

1. DataAdjustments. Much of the putative measurements of ozone
depletion may be an artifact of the data analysis. The actual
measurements are extensively adjusted before being published.
Essentially, these adjustments attempt to subtract out the many natural
phenomena that influence ozone concentrations, which in theory will
leave only the effects of CFCs. However, these other factors, such as
solar activity and the quasi-biennial oscillation, are not well understood,
and an accurate quantification of their effect on ozone levels is not
possible given the current state of knowledge.38 Thus, attempts to
separate the effect of CFCs on ozone from the rest of the "background
noise" introduce large errors into the analysis. Data adjustments are
also made to correct for perceived measurement and calibration errors.
These difficult corrections are often done without consulting the original
experimenter or taking into account the detailed calibration history of
the measuring instrument.39
In addition to the ground-based
measurements, the data derived from satellites also needs substantial
corrections for instrument error.
These after-the-fact adjustments of measured data are very
subjective. Whether the measured values should be adjusted upwards
or downwards, and by how much, depends entirely on the judgement of
the researcher, and such findings are not independently verifiable.
Thus, data re-analysis can yield inaccurate results.
In most published papers of ozone measurements, only the adjusted
figures are reported. Because the original measurements are not
included, comparisons of original and adjusted values are not possible."

38. See S. Fred Singer, Climate Impact of Solar Variability,NASA

CONFERENCE

PUBLICATION 3086 (1990).

39. See D. De Muer and H. De Backer, Revision of20 Years ofDobson Total Ozone
Data at Uccle (Belgium): Fictitious Dobson Total Ozone Trends Induced by Sulfur
Dioxide Trends, 97 J. OF GEOPHYSICAL REs. 5921, 5922-5929 (1992) (An analysis of

ozone data from one station, when carefully corrected using the detailed calibration
history of the instrument, yielded a different result than that reported by the Ozone
Trends Panel, which used a very generalized approach to correcting ozone data).
40. Much of the archived measured data and recent measurements are not
available to the public. Even the 1988 Ozone Trends Panel Report, the most widely
publicized study of ozone measurements, disclosed only the adjusted data, and has

not released the original measurements used in their analysis. OZONE TRENDS PANEL,
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The few studies that include both data sets show them in sharp
contrast."' The actual measured data shows little or no change, while
the adjusted data clearly shows depletion.42 This is done by taking
measured ozone values over a particular time period, adjusting the
earlier ones upward and/or the later ones downward, and concluding
that ozone concentrations have declined. Thus, there may be a
contradiction between the original evidence and the reported result.
Unfortunately, few understand and appreciate this difference. Many
believe, for example, that the 1988 Ozone Trends Panel Report and the
1991 WMO/UNEP Report measured actual ozone depletion. However,
their reported ozone declines exist on paper, but not necessarily in
reality. The phaseout proponents have sometimes confused the issue by
reporting their adjusted findings as measured evidence.43
2. The Use of Selected Time Periods and Locations. Without the
use of adjusted measured data, much of the measured evidence shows
no discernable trend in ozone levels. But some data does show a
negative trend over particular time periods and for particular regions,
and this data, taken out of context, has also caused misunderstandings
regarding ozone trends.
Stratospheric ozone levels undergo large natural fluctuations, with
several years of general increase followed by similar years of decrease,
as well as shorter fluctuations.44 Therefore, it is possible to select time
frames of ozone decrease or ozone increase depending on the starting
and ending dates used. The phaseout proponents frequently report
periods of ozone decrease, but fail to mention that their chosen time
frames were preceded by comparable periods of increase, and over the
long term, ozone levels have fluctuated with no net change. For
example, during the decade of the 1960s, nearly all ozone monitoring

supra note 18, at 1.
41. See John J. Deluisi et al., An Analysis of Northern Middle-Latitude Umkehr
Measurements Corrected for Stratospheric Aerosols for 1979-1986, 94 J.

OF

GEOPHYSICAL RES. 9837, 9842 (1989); Rumen Bojkov et al., A Statistical Trend
Analysis of Revised Dobson Total Data Over the Northern Hemisphere, 95 J. OF
GEOPHYSICAL RES. 9785, 9787 (1990).

42. Id.
43. See Richard Stolarski, et al., Measured Trends in Stratospheric Ozone, 257

Sci. 342, 342 (1992) (Despite the title, this paper did not actually measure any
discernable trends. The trends were derived from a data re-analysis).
44. See Singer, supra note 38.
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stations throughout the world measured ozone increases, including
several above 5 percent.45 In most cases, these increases are as large
as the highly publicized decreases reported after 1970. Also ignored is
the fact that a significant global ozone decrease occurred from the mid
1950s to 1962, a time before CFCs were in widespread use.46 In
addition, the time period between 1986 and 1991 is often ignored by the
phaseout proponents, as several studies have reported an ozone increase
during this span.47
The phaseout proponents have taken periods of decreasing ozone
levels out of proper context, creating the impression that there has been
a decline. For example, the 1988 Ozone Trends Panel Report (in
addition to adjusting the measured values) selected the period 1969 1986 to determine trends." They failed to disclose that ozone levels in
1969 were unusually high, coming at the end of a decade of increase,
and a subsequent decline would have been expected. This also explains
why phaseout proponents usually phrase their findings in terms of
percentage decreases over a chosen time span rather than in terms of
absolute ozone levels, which are still well within the normal range. It
should be noted that reliable ozone data for the temperate regions exists
back to the 1950s. Thus, there is no logical reason to report ozone data
for isolated time periods, and such reporting may create a false
impression. The few studies that chart ozone levels over long periods of
time show no discernable trend.49
Additionally, there are many regions from which ozone data is
collected, with areas of decrease, increase, and steady state at any point
in time. The phaseout proponents tend to focus on the regions showing

45. W. D. Komhyr et al.,Atmospheric Total Ozone IncreaseDuring The 1960s, 232

NATURE 390 (1971); Julius London and Jean Kelley, Global Trends in Total
Atmospheric Ozone, 184 SCI. 987 (1974).
46. See Richard B. Rood, Global Ozone Minima in the Historical Record, 13
GEOPHYSICAL REs. LETTERS 1244 (1986).

47. Linwood B. Callis et al., Ozone Depletion in the High Latitude Lower
Stratosphere:1979-1990, 96 J. OF GEOPHYSICAL RES. 2921,2925 (1990); J. R. Herman

et al., Global Average Ozone Change From October 1978 to May 1990 Determined
From the Reprocessing of TOMS UV-Albedo Data, 71 EOS: TRANSACTIONS, AM.
GEOPHYSICAL UNION 1240 (1990); J. R. Herman et al., Average Ozone Change From
November 1978 to May 1990, 96 J. OF GEOPHYSICAL REs. 17297, 17304 (1991).
48. OZONE TRENDS PANEL, supra note 18, at 2.
49. See Soren H. Larsen and Thormod Henriksen, PersistentArctic Ozone Layer,
343 NATURE 124 (1990).
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decrease and ignore regions like the tropics where there is no
depletion."
3. Other Problems With the Evidence. One tactic the phaseout
proponents may be using is to ignore ozone measurements that do not
support the theory of ozone depletion. The 1988 Ozone Trends Panel
Report's executive summary states that "data from certain stations were
deemed unusable because of questionable quality." 1 Omitting data in
this way, without providing objective and independently verifiable
criteria as to why particular data is left out is unacceptable scientific
method because it allows the researchers to exercise subjectivity.
Whether they actually discarded inaccurate data or simply dropped
contrary measurements cannot be determined. Nearly all the major
research purporting to show ozone depletion allows wide leeway in the
choice of measured values to be used.
Another concern many scientists have with much of the ozone data
is the means by which it is reported. The 1988 Ozone Trends Panel
Report, the 1991 UNEP/WMO Report, as well as the 1992 finding of
high Arctic C10 levels were all announced in press conferences. In each
case no research paper was published before the press conference.
Commonly accepted scientific method dictates that research findings be
published in a scientific journal before being released to the mainstream
press. This allows the scientific community the opportunity to comment
on the work before it is presented to the general public. By failing to do
this, phaseout proponents have been able to announce findings without
the usual peer review process. Even after the press conferences, it is
difficult for other scientists to critique the work, as the press releases do
not provide enough details for scientific analysis. Also, scientific
journals will not publish criticisms of research that has not itself been
published. 2
Thus, there has been little opportunity for timely scientific debate.
Many have mistaken this lack of debate for unanimous scientific
agreement. For example, had an opportunity for comment existed before
the 1988 Ozone Trends Panel press conference, there likely would have

50. See R. Stolarstd et al., Total Ozone Trends Deduced From Nimbus 7 TOMS
Data, 18 GEOPHYSICAL REs. LETERS 1015 (1991).

51. OzONE TRENDS PANEL, supra note 18, at 7. Data is available from 80 ozone
monitoring stations. However, the Ozone Trends Panel included data from only 18
stations in their report.
52. See S. Fred Singer, Policy by PressRelease, WASH. TIMEs, Nov. 20, 1991, at
Fl.

1994]

BUFFALO ENVIRONMENTAL LAW JOURNAL

13

been a good deal of scientific criticism, some of it coming from the
contributing scientists themselves. According to Dr. James K. Angell,
one of the scientists, the executive summary presented in the press
conference was written by a handful of the panel's leaders, without input
from the others.' It contained strong conclusions that many felt were
overstatements of the actual evidence. 4 Several scientists also objected
to the manner in which the data was presented." Unfortunately, they
had little chance to make their views known.
B. Ozone Behavior at the Poles
Probably no single event created greater public concern over the
ozone layer than the reporting of the seasonal decline in Antarctic ozone
in 1985.56 The phenomenon, termed the Antarctic ozone hole, came as
a surprise to the scientists conducting ozone depletion research.57 The
implication seemed clear - QFCs had created an unnatural hole in the

53. Interview with James Y, Angell, Air Resources Laboratory, National Oceanic
and Atmospheric Administration, in Silver Springs, Maryland (March 15, 1993).

54. Id.

55. Id.
56. Farman, supra note 21.
57. The fact that the 1985 reporting ofthe Antarctic ozone hole was unanticipated
by the stratospheric ozone research establishment has caused some to question the
competence ofthe scientists involved in this issue. Antarctic ozone levels should have
come under intensive study ten years earlier, and the hole discovered before 1985.
Given that the Antarctic polar vortex is known to isolate a portion of the atmosphere
and create a natural reactor vessel, and the Mt. Erebus volcano provides a potential
source of chlorine, it should have been obvious that the study of Antarctica is
fundamental to an understanding of stratospheric ozone depletion. In addition, the
anomalous springtime behavior of Antarctic ozone was already documented in the
scientific literature. Clearly, the Antarctic ozone layer should have been one of the
first phenomena studied after chlorine-induced ozone depletion was hypothesized in
1974. Instead, Antarctica was ignored for a decade, until the "discovery" of the ozone
hole in 1985. Further, satellite measurements of the ozone hole existed as far back
as 1979, but were dismissed at the time as instrument errors. It was only after the
1985 Farman et al. paper (which was based on ground measurements) that NASA
scientists re-evaluated their satellite data and realized that they had been ignoring
ozone hole measurements for the past five years. Richard S. Stolarski et al., Nimbus
7 Satellite Measurements of the Springtime Antarctic Ozone Decrease, 322 NATURE
808 (1986).
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earth's protective shield. 8 Within two years, the Montreal Protocol was
signed.
Subsequent research, as well as a thorough study of older Antarctic
ozone measurements, reveals that the ozone hole is primarily controlled
by natural forces, and CFCs are not central to its formation. 9 Also, the
phenomenon is much more limited than many have been led to believe.
The anomalous behavior of Antarctic ozone during September and
October (the Antarctic spring) was first reported in 1956 by a team of
British scientists led by Gordon Dobson.' At that time, CFCs were not
yet in widespread use and could not have been the cause. The 1985
paper claiming to discover the ozone hole failed to cite this original
work, creating the impression that the phenomenon is entirely new."'
Gordon Dobson's Antarctic ozone measurements did not detect the
sharp September/October decline now termed the ozone hole. 2
However, comparably low levels of Antarctic ozone may have been
measured in 1958, again too early to be attributable to CFCs.' While
true that very low Antarctic ozone hole measurements have become
more frequent in recent years, this may simply be a function of the fact
that the phenomenon has only recently come under comprehensive
study, with satellite data, balloons, and an extensive ground-based
monitoring network providing more measurements than previously
available. There were very few Antarctic ozone measurements taken

58. The term "ozone hole" is a misnomer. Ozone at its highest concentrations
comprises only one molecule out of 100,000 in the stratosphere. The ozone hole
describes the temporary springtime thinning of Antarctic ozone layer to levels half
or less of those existing the rest of the year. Farman, supra note 21, at 208.
59. See S. Fred Singer, Does the Antarctic Ozone Hole Have a Future?, 69 EOS:
TRANSACTIONS, AM. GEOPHYSICAL UNION 1588 (1988).

60. Gordon M. Dobson, Forty Years' Researchon Atmospheric Ozone at Oxford: A
History, 7 APPLIED OPTics 387, 403 (1968) ("[The values for September and October
1956 were about 150 units lower than was expected").
61. The phaseout proponents rarely mention Gordon Dobson's work, which
established that Antarctic ozone levels were experiencing seasonal fluctuations before
CFCs were in common use. Dr. Dobson is probably the most important scientist to
study stratospheric ozone. The unit of measuring ozone is named in his honor.
62. It is the recent exacerbation of the seasonal fluctuations, not the seasonal
fluctuations themselves, that is now called the ozone hole.
63. R. Rigaud and B. Leroy, Presumptive Evidence For a Low Value of Total
Ozone Content Above Antarctica in September, 1958, 11 ANNALES GEOPHYSICAE 791,

793-794 (1990) (However, the accuracy of this study has been questioned).
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before the late 1970s. Dobson's 1956 - 1958 readings, for example, came
from a single ground station measuring ozone at one location.' It
would be unlikely that the station was located under the deepest part
of the hole, which shifts unpredictably from year to year. There were
never more than a few ground-based stations in operation up through
the mid 1970s, which explains why very low Antarctic ozone hole
readings were less common. Satellite data, on the other hand; provides
ozone measurements for all of Antarctica, and can detect the lowest
ozone levels occurring anywhere on the continent." It is not surprising
that unusually low Antarctic ozone hole measurements have occurred
with greater frequency since the satellite data came on-line in 1979. In
addition, the ground-based ozone monitoring network is now very
extensive, and balloon measurements are also available. Thus, there are
many more low ozone values (as well as high ozone values) being
measured than in previous decades. This has enabled some to
selectively use the ozone data.'
In addition, the recent reported increases in the severity of the
ozone hole, as with other ozone measurements, are a function of the
starting and ending dates used. For example, using the period 1980 to
1990, the ozone hole has worsened. But if 1980 to 1988 is used, the
phenomenon has weakened.
CFCs have not been directly implicated as the cause of the hole.
Most of the evidence points to meteorological conditions, such as
stratospheric chlorine, as the cause of the fluctuations in Antarctic
ozone.67 For example, the sudden appearance of a steep ozone hole in

64. Dobson, supra note 60, at 403.

65. Satellites can also measure the size of the hole, which cannot be determined
by ground based stations. NASA's recent announcement that the 1992 ozone hole
encompassed a record area caused great concern. NASA failed to mention, however,

that there is no way of knowing whether pre-satellite ozone holes were as large. See
The NASA Year in Review: 1992 Sees Landmark Studies in Ozone Depletion, NASA
NEWS, December 21, 1992.
66. Compare Richard Monastersky, Pinatubo Deepens the Antarctic Ozone Hole,

142 Sci. NEws 278 (1992) (Antarctic data indicated a severe ozone hole in 1992) with
Richard A. Kerr, PinatuboFails to Deepen the Ozone Hole, 258 Sci. 395 (1992) (A

different data set indicated a mild ozone hole in 1992).
67. See Hiroshi Kanzawa and Sadao Kawaguchi, Large Stratospheric Sudden
Warming in Antarctic Late Winter and Shallow Ozone Hole in 1988, 17 GEOPHYsICAL
RES. LETTERS 77 (1990); J. K. Angell, Influence of EquatorialQBO and SST of Polar
Total Ozone, and the 1990 Antarctic Ozone Hole, 17 GEOPHYSICAL RES. LETTERS 1569

(1990); Mark R. Schaeberl and Dennis L. Hartmann, The Dynamics of the
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1979 (after several years of mild ozone fluctuations) and the near
absence of a hole in 1988 (after record lows in 1987) indicate changes too
rapid to be caused by CFC levels, which would at most increase only
slightly from year to year. Also, to the degree chlorine contributes to the
hole, it may be chlorine of natural origin, and not from CFCs. This
possibility has not been thoroughly studied.'
In addition, the ozone hole phenomenon has been exaggerated. The
hole only exists during the spring, after which ozone levels make a full
recovery for the rest of the year.'
The phenomenon is also
geographically limited. In all probability, the conditions giving rise to
the hole can only occur in Antarctica.7" There is no evidence that a hole
could form in the temperate regions. In fact, the phaseout proponents
concede that any ozone depletion outside the poles must be occurring by
a different mechanism, not yet fully known. Recently, some phaseout
proponents have raised concerns that an Antarctic-like hole could open
over the Arctic circle and engulf populated regions in the Northern
hemisphere.7 In fact, the lowest Arctic ozone levels ever recorded
occurred over 30 years ago, and thus are not attributable to CFC use.72
Data from numerous Norwegian and Russian ozone monitoring stations
shows no discernable trend in Arctic ozone for the last 20 years.73 And,
NASA's prediction of a 1992 Arctic ozone hole turned out to be false.74

StratosphericPolarVortex and Its Relation to Springtime Ozone Depletions,251 SC.

46 (1991).
68. See Philip R. Kyle et al., EmissionRates of Sulfur Dioxide, Trace Gases, and
Metals from Mt. Erebus,Antarctica, 17 GEOPHYSICAL RES. LETrERS 2125,2126 (1990)

(Mt. Erebus, an Antarctic volcano, is known to emit hydrogen chloride. The extent of
its effect on the Antarctic ozone hole has not been scientifically studied).
69. See Susan Solomon, Progress Towards a Quantitative Understanding of

Antarctic Ozone Depletion, 347 SC. 347 (1990).
70. Id.
71. See W. H. Brune et al., The PotentialFor Ozone Depletion in the Arctic Polar

Stratosphere, 252 SCi. 1260 (1991).
72. See Rood, supra note 46.
73. See K. Henriksen et al., On the Stationarityof the Ozone Layer in Norway and
U.S.S.R, 55 J. OF ATMOSPHERIC AND TERRESTRIAL PHYSICS 145 (1993).
74. NASA NEWS, supra note 35.
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C. Atmospheric Models And Ozone Depletion
Much of the evidence of the CFC-ozone depletion theory has come
from atmospheric models. Because the measured data is incomplete,
many important questions have been answered by models without
observational corroboration. In addition, the future predictions of ozone
depletion, on which the CFC phaseout is based, are entirely the results
of modeling.
Atmospheric models are computer simulations of the complex
chemistry and physics of the earth's atmosphere. Their goal is to
estimate the extent of ozone depletion. The models have undergone
many refinements over the years, but all have concluded that the ozone
layer is being depleted by CFCs, though the amounts vary.
Unfortunately, atmospheric models do not have a history of
accuracy. To date, every model has quickly become obsolete. These
models attempt to quantify many poorly understood factors, such as the
chemical composition of the atmosphere and the rates and yields of the
nearly 200 chemical reactions known to occur. 5 In essence, they are
based on unsupported and oversimplified assumptions.
These
assumptions are constantly being proven wrong by new empirical data.
This is why models have a poor predictive record. The best models of
1979 estimated 18 percent ozone depletion.76 In 1983, the number was
down to 5 percent and has since fluctuated between 2 and 5 percent."
In addition to contradicting each other, the models almost always
disagree with the measured evidence, until adjusted to agree. In fact,
none of the models predicted the Antarctic ozone hole before its
discovery in 1985. Based on the track record, atmospheric models
cannot be relied upon as support for the ozone depletion theory."

75. Of course, atmospheric models cannot account for unknown reactions, ofwhich
several are discovered each year.
76. NATIONAL ACADEMY OF SCIENCES, PANEL ON STRATOSPHERIC CHEMISTRY AND
TRANSPORT, STRATOSPHERIC OZONE DEPLETION BY HALOCARBONS, CHEMISTRY AND
TRANSPORT (1979); NATIONAL ACADEMY OF SCIENCES, COMMITTEE ON IMPACTS OF

STRATOSPHERIC CHANGE, PROTECTION AGAINST DEPLETION OF STRATOSPHERIC OZONE
BY CHLOROFLUOROCARBONS (1979).

77.

NATIONAL ACADEMY OF SCIENCES, COMMITTEE ON CAUSES AND EFFECTS OF

CHANGES IN STRATOSPHERIC OZONE, CAUSES AND
STRATOSPHERIC OZONE: UPDATE 1984 (1984).

EFFECTS OF

CHANGES

IN

78. However, the shortcomings of the atmospheric models may have actually
helped the CFC phaseout cause. The high estimates of ozone depletion in the earlier
models, though incorrect, provided a source of alarmist news stories that propelled
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The most recent models are still problematic. For example, one
basic assumption in all models that attempt to explain Antarctic ozone
loss is the so called catalytic cycle of ozone destruction." This catalytic
cycle is a theorized series of chemical equations, which supposedly
repeat themselves many times, resulting in each chlorine molecule
destroying up to 100,000 ozone molecules." The modelers rely on this
hypothesized high yield of ozone destruction. Without it, there is no
known way to implicate chlorine in the sharp seasonal ozone declines
occurring in Antarctica and that some predict is about to occur in the
Arctic.
There is no direct evidence that the catalytic cycle actually occurs
in the stratosphere. Only one research team has claimed to be able to
reproduce the catalytic cycle and its high yield in the laboratory, and
that team was led by the same scientist who first theorized the cycle.81
There has been no independent corroboration. In fact, other scientists
have criticized the plausibility of the cycle and shown, by analogous
reactions, that it likely has a much lower yield than previously
estimated.8 2
If true, atmospheric models will have once again
overstated the extent of chlorine-induced ozone depletion. Similarly,
there are several other assumptions in atmospheric models that may be
faulty.

the issue forward. Even the failure to predict the Antarctic ozone hole was a plus for
the phaseout proponents, because it was generally reported as proof that ozone
depletion was even worse than the "experts" had anticipated, and not as evidence
that models have limited accuracy.
79. See M. J. Molina and L. T. Molina, Production of C1202 From the SelfReaction of the ClO Radical, 91 J. OF PHYSICAL CHEMISTRY 433 (1987).
80. See The Ozone Vanishes, TIME, Feb. 17, 1992, at 62.

81. M. J. Molina et al., Quantum Yield of Chlorine-Atom Formation in the
Photodissociationof Chlorine Peroxide (ClOOCI) at 308 nm, 173 CHEMICAL PHYSICS
LETTERS 310 (1990).
82. See Igor J. Eberstein, Photodissociationof C1202 in the Spring Antarctic
Lower Stratosphere, 17 GEOPHYSICAL RES. LETTERS 721 (1990); Timothy Y- Minton
et al., Direct Observation of ClO From Chlorine Nitrate Photolysis, 258 SCI. 1342

(1992); W. G. Lawrence et al., On the Relevance of OClO Photodissociationto the
Destruction of Stratospheric Ozone, 95 J. OF GEOPHYSICAL RES. 18,591 (1990).
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Atmospheric models have a potential for bias. They are based on
subjective assumptions, not neutral measurements.' The possibility
exists that these assumptions are tailored to achieve a result consistent
with the modeler's prejudices.' Also, these models are interactive.
That is, if the original results are not satisfactory, the modeler may
change the assumptions and run the program again. The original
results are never published.

IV. THE EFFECTS ATrRIBUTED TO OZONE DEPLETION

A. UltravioletRadiation Levels
The scientific inquiry has overemphasized ozone measurements.
While the possibility of ozone depletion is important, it is not of ultimate
consequence. Ozone depletion is merely an intermediate step which is
believed to cause an increase in the amount of solar ultraviolet radiation
(UV) reaching the earth, specifically the wavelengths between 290 and
320 nanometers (UVB), which are thought to pose the most danger to
living things. 5 It is the potential for UVB increase that is of primary
concern and should be the focus of the debate. Yet this is an area of
study that has been largely ignored by the phaseout proponents.
The only comprehensive observations of UVB levels, covering eight
ground stations over the period 1974 - 1985, show no increase (actually
a small decrease), with absolute levels in the normal range." Data
from 13 other stations throughout the world also showed no increase,
but were left out of the final report because the stations were not in

83. It is precisely because of the potential for bias that models are not in favor
with much of the scientific community. Ozone depletion is one of the few scientific
issues, along with global warming, where models have taken a prominent role, often
supplanting traditional methods of scientific inquiry. Many scientists oppose this
trend.
84. It has been observed that only strong supporters of the CFC-ozone depletion
theory have received funding to produce atmospheric models. There are a number
of qualified scientists who have expressed skepticism about the theory, but have not
been given the opportunity to make models.
85. Joseph Scotto et al., Biologically Effective Ultraviolet Radiation: Surface

Measurements in the United States, 1974 to 1985, 239 Sci. 762 (1988).
86. Id.
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continuous operation during the test period."
This study has been
corroborated by evidence from other stations, including some in
relatively unpolluted areas, ruling out the possibility that pollution in
the troposphere (the layer of the atmosphere from ground level up to the
stratosphere) is masking an increase in UVB penetrating the
stratosphere.'
There is no published data showing a statistically
significant UVB increase over a substantial time period.89
Surprisingly, the measured evidence of UVB levels has not been
considered by the phaseout proponents. The organizations studying the
ozone depletion issue have avoided the entire question of actual UVB
levels, and the measured data is rarely brought up in any ozone-related
forum.'
After 1985, the federal government cut funding for UVB
measurements.
Internationally, both the World Meteorological
Organization and the United Nations Environment Programme, despite
large research budgets, have not sponsored studies of actual UVB levels.
Millions of dollars continue to be spent on problematic models of ozone
depletion from which large UVB increases are inferred. In contrast,
there is little current funding for actual UVB measurements, which
could provide direct and irrefutable evidence whether the CFC-ozone
depletion theory is having its predicted effect.
Instead of measured evidence, the phaseout proponents repeat the
assumption, derived from a theoretical model, that a 1 percent decrease
in ozone results in a 2 percent increase in UVB. 1 They continue to use

87. Interview with Gerald Cotton, Air Resources Laboratory, National Oceanic
and Atmospheric Administration, in Silver Springs, Maryland (March 15, 1993).
88. Stuart A. Penkett, UltravioletLevels Down, Not Up, 341 NATURE 283 (1989);

S. H. Larsen and K. Stamnes, Biological UV-Doses and the Effect of an Ozone Layer

Depletion, 49 PHOTOCHEMISTRY AND PHOTOBIOLOGY 621 (1989); Joseph Scotto, Global
StratosphericOzone and UVB Radiation, 239 Sci. 1111 (1988).
89. A minority of monitoring stations have reported a UVB increase. However,

these increases are too small to have a biological impact, and are well within the
range of natural fluctuations. See J. B. Kerr and C. T. McElroy, Evidence for Large
Upward Trends of Ultraviolet-BRadiationLinked to Ozone Depletion, 262 Sci. 1032
(1993).
90. William Happer, the energy research director at the Department of Energy,
was fired by the Clinton administration after publicly stating that UVB has not
undergone a measured change, and suggesting that the matter warrants further
study.
91. See Cutchis, supra note 16.
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this assumption despite the fact that it has been contradicted by the
available scientific evidence. Essentially, they take their modeled ozone
depletion percentages, multiply by 2, and report huge UVB increases.
From this, the parade of horrors caused by increased UVB - higher
incidence of skin cancer and' cataracts, breakdown of the auto-immune
system, agricultural damage, reductions in phytoplankton concentrations
- are discussed as if they are already occurring and have been
conclusively linked to CFCs.' Thus, astonishingly, CFCs are being
rapidly phased out because they are said to be the root cause of an
increase in UVB with all its attendant health and environmental
concerns, yet UVB is readily measurable and the evidence indicates that
there has been no increase. Nor has any evidence been advanced that
a future UVB increase is imminent. The fact that the feared harm is
not occurring is somehow irrelevant in this debate. 3
There are two likely explanations for the fact that UVB has not
increased. Either stratospheric ozone levels have not decreased
significantly (and the adjusted ozone measurements and atmospheric
models are in error), or factors other than stratospheric ozone also play
a role in UVB attenuation. This latter possibility, and the broader
question of what happens to ultraviolet radiation as it passes through
the earth's atmosphere, is central to a full understanding of the issue.
But since actual UVB levels' are not currently under study, no progress
is being made on this critical avenue of inquiry.'

92. The mainstream press routinely reports hypothesized UVB increases as fact,
and implies that damage to human health and the environment is occurring. See
TIME, supra note 80, at 61-63.
93. Nor has the hypothesized harm been put in proper perspective. UVB
naturally increases 5000 percent from the poles to the equator. In the mid-latitudes,
the UVB increase is approximately 1 percent for each 6 miles closer to the equator.
See T. Mo and A. E. S. Green, A Climatology of Solar Erythema Dose, 20
PHOTOCHEMISTRY AND PHOTOBIOLOGY 483 (1974).
94. One criticism of the scientific inquiry is that it has been dominated by a group
of atmospheric chemists. They have provided the scientific leadership on nearly
every relevant issue, including several outside their area of expertise. The question
of UV is an example. The transmission of solar radiation and its attenuation in the
earth's atmosphere is a complex and specialized field. Unfortunately, those physicists
with relevant expertise have had little opportunity to take part in the research. As
a result, instead of detailed scientific evidence on UVB transmission and attenuation
as it passes through the earth's atmosphere, the atmospheric chemists use the
simplistic assumption that a 1 percent decrease in ozone results in a 2 percent
increase in UVB.
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B. Ozone Depletion and Skin Cancer
Like many environmental issues, the ozone depletion theory has
gained public concern largely because of its reputed link to cancer.
Despite the evidence on UVB levels, all of the organizations involved in
the promotion of the theory have indicated that ozone depletion is
causing
an increase in skin cancer that will worsen in the years to
95
come.

The UVB data alone should be sufficient to dispel any concerns of
a connection to cancer. Unfortunately, because this evidence is being
ignored, public fears persist. For this reason, it is worthwhile to take a
closer look at the skin cancer issue.
Phaseout proponents have frequently stated that skin cancer rates
have increased in the last decade. Rarely mentioned is the fact that
malignant melanoma incidence and mortality has been steadily rising
for the last four decades, and possibly longer.' Because the increase
predates the widespread use of CFCs, there must be other causes.
Changes in lifestyle, such as the emphasis on tanning, modern clothing
and swimwear styles, and an increase in intermittent sun exposure
(which has been shown to be more dangerous than continual exposure
because the skin is not acclimatized) from vacations and recreational
activities have probably contributed to the increase in malignant
melanoma incidence.97 Also, there have been significant population
shifts towards the equator, where the sun's rays are stronger." The

95. For example, both the EPA and UNEP have estimated that 300,000 additional
cases of skin cancer will occur annually in the near future, as well as increases in
cataracts and infectious diseases. See UNITED NATIONS ENVIRONMENT PROGRAMME,
ENVIRONMENTAL EFFECTS OF OZONE DEPLETION: 1991 UPDATE (1991)[hereinafter

UNEPI.
96. NATIONAL CANCER INSTITUTE, PUB. No. 88-2789, ANNUAL CANCER STATISTICS
REVIEW, INCLUDING CANCER TRENDS, 1950-1985 (1988) (Malignant melanoma is the
lethal form of skin cancer. It is less common than the benign forms, such as basal
cell carcinoma and squamous cell carcinoma).
97. See Richard P. Gallagher, Ozone Depletion and Malignant Melanoma, 6
HEALTH AND ENV'T DIG. 1, 2-3 (1992).

98. In this regard, air conditioning has probably caused an increase in skin
cancers in a manner unrelated to the ozone layer. The advent of air conditioning
facilitated large migrations ofAmericans to southern states, where they are subjected
to greater doses of UVB. Similar population shifts have also occurred in Europe. A
transplanted New Yorker living in Miami, for example, will be exposed to
approximately three times the amount of UVB. See Mo, supra note 93.
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aging of the population is also a factor.' In fact, malignant melanoma
incidence and mortality for men and women under 40 years of age
started to decline in the 1980s.'
Finally, improved records of cancer
statistics and greater diagnosis rates may also play a part in the
increase."'
Much has been made of the malignant melanoma "epidemic" in
Australia and New Zealand. 2 As with the United States, this increase
began before the use of CFCs and is due to many of the same factors
involved in the American increase." 3 These factors would likely have
even greater effect on malignant melanoma rates there, as Australia and
New Zealand have large light-skinned populations living in very strong
sunlight, thus any increases in sun exposure would have serious results.
Even if there was reason to believe the estimates of depletioninduced skin cancer increases, the predictions are not as frightening as
has been presented. The phaseout proponents usually lump the very
common but relatively benign types of skin cancers (basal cell carcinoma
and squamous cell carcinoma) together with the considerably less
frequent but potentially deadly malignant melanomas, creating huge
numbers of estimated total cancers. In addition, while the benign skin
cancers are clearly linked to UVB exposure, the correlation is less strong
with malignant melanomas.' Thus, the most dangerous type of skin
cancer is the one that would respond the least to an increase in UVB. °5

99. Joseph Scotto et al., Indications of Future Decreasing Trends in SkinMelanoma MortalityAmong Whites in the United States, 49 INT'L J. OF CANCER 490,

491-492 (1991).
100. Id. One criticism of the EPA and UNEP skin cancer predictions is that they
do not take into account the declines among those under 40 years of age. This trend
should have been considered in estimating future incidence and mortality rates. See
UNEP, supra note 95.
101. The heightened awareness of skin cancer resulting from the ozone depletion
issue has probably led to an increase in diagnosis rates. Most types of skin cancers
appear as no more than a small mole and are often ignored by the uninformed.
102. D. J. Holman et al., An Analysis of Trends in Mortality From Malignant
Melanoma of the Skin in Australia, 26 INT'L J. OF CANCER 703 (1980).

103. Id.
104. See Richard B. Setlow et al., Wavelengths Effective in Induction ofMalignant
Melanoma, 90 PROc. NAT'L ACAD. SC. 6666 (1993).
105. Id.
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The skin cancer issue has suffered from a lack of relevant expertise.
It has been led by the same group of atmospheric chemists who have
dominated all aspects of the scientific inquiry. For the most part,
neither the medical community, cancer research organizations, nor
epidemiologists have been given a meaningful role." Lumping all
types of skin cancer together, and failing to use sound epidemiologic
methods that adequately take lifestyle and demographic changes into
account are indicative of an unsophisticated approach to studying a
possible skin cancer link."7

It

is

surprising that none

of the

organizations involved in the ozone issue have undertaken a thorough
epidemiologic study of the etiology of various forms of skin cancer in
order to obtain accurate data on which to base the law." 8
C. The Impact of the Antarctic Ozone Hole
Soon after the discovery (or rediscovery) of the ozone hole in 1985,
the phaseout proponents looked for evidence of its effect on humans and
the environment.
They purport to have linked human and
environmental damage to the hole, bolstering the argument for an
accelerated phaseout schedule.
Claims of damage caused by the Antarctic ozone hole suffer from a
major factual flaw - even under the hole, ground level UVB is still quite

106. To the extent experts are brought in, they are usually restricted to answering
alarmist hypotheticals, such as what the effect would be of a 20 percent UVB
increase, but they have had little opportunity to provide analysis on what is actually
occurring.
107. One of the first things a proper epidemiologic study would consider is the
measured UVB record. Without a measured UVB increase, ozone depletion would be
eliminated as a contributing factor to the current skin cancer increase, and other
potential factors would be implicated to the extent supported by the evidence.
108. The cancer estimates from EPA and UNEP are simple statistical
extrapolations, and are scientifically"and epidemiologically unsound. These estimates
are based on modeled predictions of future ozone depletions from which UVB
increases are inferred. The predicted LVE increases are then multiplied by an
estimated dose-response relationship (the number of increased skin cancers per
increase in IUVB) to arrive at the estimated skin cancer increases. Such estimates
have three sources of error. The modeled ozone depletion predictions, judging by the
prior models, are likely to be overstatements. Further, the assumed relationship
between ozone and UVB (a 1 percent decrease in ozone causing a 2 percent increase
in UVB) is directly contradicted by available measurements. Finally, the doseresponse relationship fails to take into account factors other than solar strength that
influence skin cancer incidence. See Hugh W. Ellaesser, The Holes in the Ozone Hole
II (May, 1991) (unpublished manuscript, on file with the author).
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low."0 9 The three major factors influencing UVB are the zenith angle
of the sun, the extent of cloud cover, and ozone levels."0 The first two
work to mitigate Antarctic UVB, independent of the third. 1 ' In fact,
UVB levels under the ozone hole are lower than in most of the rest of
the world.'
Nevertheless, in the years following the announcement of the hole,
stories came out of southern Chile (where populated regions are near the
fringes of the hole in some years) of an increase in UVB related
illnesses, sheep being struck blind by the sun, and other assorted
Nothing has been
occurrences blamed on the ozone hole."'
scientifically documented, and numerous reporters visiting the area have
failed to confirm these stories."' For example, the only dermatologist
in southern Chile's largest city has seen no significant increase in skin
cancers or other UV-related diseases, and veterinarians report that the
blind sheep all had eye diseases unrelated to the sun."'
Unfortunately, the rumors persisted long enough to influence public
opinion and the law.

109. See Holm-Hansen et al., UltravioletRadiationand Its Effects on Organisms

in Aquatic Environments, in ENVTL. UV PHOTOBIOLOGY 388 (A. Young ed., 1993);
John E. Frederick and Hilary E. Snell, Ultraviolet Radiation Levels During the
Antarctic Spring, 241 Sci. 438 (1988).
110. See J.E. Frederick et al., Solar UltravioletRadiationat the Earth'sSurface,
50 PHOTOCHEMISTRY AND PHOTOBIOLOGY 443, 444 (1989); Dan Lubin and John E.

Frederick, The UltravioletRadiation Environment of the Antarctic Peninsula: The
Roles of Ozone and Cloud Cover, 30 J. OF APPLIED METEOROLOGY 478,481-482 (1991);

see also Mo, supra note 93.
111. Id. Fifty times more UVB reaches the earth when the sun is directly
overhead than when it is near the horizon. In Antarctica, the sun never rises far
above the horizon, particularly during the early spring when the ozone hole exists.
In addition, the Antarctic skies are frequently overcast during the spring, further
reducing ground-level UVB.
112. Supra notes 108-110.
113. See Mary Roach, Sun Struck, HEALTH, May/June 1992, at 41.
114. Id.; see also U.S. EPA AND MINISTRY OF HEALTH OF CHILE, OCULAR AND
DERMATALOGIC HEALTH EFFECTS OF ULTRAVIOLET EXPOSURE FROM THE OZONE HOLE

IN SOUTHERN CHILE: A PILOT PROJECT (1993).
115. See Don Podesta, Under the Hole in the Ozone, Few Worries, WASH. POST,

January 19, 1993, at A15.
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Some highly publicized research papers have claimed that
phytoplankton production rates in the Antarctic region may be reduced
as a result of increased UVB under the ozone hole.11 Phytoplankton
forms the base of the Antarctic food chain, so any decline in production
rates may affect higher life forms in the region."'
Thus far, the
research is very speculative. No clear evidence of phytoplankton
reductions (outside of known natural fluctuations) under the ozone hole
has been found. The scientific argument that the ozone hole can
significantly reduce phytoplankton levels is tenuous. First, at the time
the hole exists, most phytoplankton in the Antarctic region are under a
heavy layer of snow-covered ice, and receive very little UVB."'
Additionally, because sunlight during the Antarctic spring strikes the
earth at such a severe angle, the amount of ground-level UVB is no
greater than a few months later when the hole no longer exists (and
ozone is at high levels) but the sun is more directly overhead.'
For
the same reason, phytoplankton located in the tropics experience UVB
levels that are much greater than those existing in Antarctica during
the ozone hole. 2 The highest phytoplankton production rates in the
world exist in the tropics."' It is not surprising that leading marine
ecologists dismiss any fears of a significant impact on Antarctic
phytoplankton."'

116. See S. Z. EI-Sayed, Fragile Life Under the Ozone Hole, 97 NAT. HIST. 72
(1988).
117. Id.
118. Letter from Osmund Holm-Hansen, Scripps Institution of Oceanography, to

the author (Sept. 1, 1993) (on file with the author).
119. See Knut Stamnes et al., Biologically Effective UltravioletRadiation, Total
Ozone Abundance, and Cloud Optical Depth at McMurdo Station, Antarctica
September 15 1988 ThroughApril 15 1989, 17 GEOPHYSICAL RES. LETTERS 2181,2183

(1990).
120. See E. Walter Helbling et al., Impact of Natural Ultraviolet Radiation on
Rates of Photosynthesis and on Specific Marine Phytoplankton Species, 80 MARINE
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THE COSTS OF COMPLIANCE WITH THE MONTREAL PROTOCOL

The CFC-ozone depletion issue has been driven by a level of
hysteria and urgency that has overshadowed the legitimate concerns
about the costs of the phaseout. The exaggerated claims of skin cancer
epidemics and environmental catastrophes, for the many who believe
them, make the problems created by the rapid phaseout seem
unimportant by comparison.
In addition, the costs have been
underestimated and underemphasized. As a result, the law has not
been based on a realistic cost/benefit analysis.
A. The Costs in the Developing World
The phaseout proponents have treated the concerns of non-Western
nations as, at best, a secondary consideration. The 1990 London
Amendments to the Montreal Protocol established a multilateral fund
to assist developing nations in complying with the phaseout."3 This
poorly conceived effort is inadequate in many respects.
First, the amount of money being set aside, currently a few hundred
million dollars, may be small in relation to the enormity of the
undertaking. Developing nations currently have millions of pieces of
CFC-using refrigeration equipment in domestic, commercial, and
industrial use. Some of this equipment will soon have to be retrofitted
for use with HCFCs or non-halogenated refrigerants, as CFCs are
already becoming scarce. Equipment that cannot be retrofitted will need
to be replaced by non-CFC systems. The new systems will be more
expensive than the old, and probably have a shorter life. In addition to
initial costs, retrofits and new systems will likely incur increases in
refrigerant expense, energy consumption, and maintenance. The true
costs of an attempt to bring the world into compliance with the Montreal
Protocol could easily be ten times greater than the sums currently
available in the fund. The Montreal Protocol does not guarantee that
developing nations will be fully compensated for the costs of compliance
with its provisions.' 24 Any costs not covered by the multilateral fund
will place a tremendous strain on these fragile economies and could
hamper development.
Even more troubling, the harm inflicted upon developing nations
may not be solvable by any amount of money. CFC-based systems were

123. UNITED NATIONS ENVIRONMENT PROGRAMME, REPORT OF THE SECOND
MEETING OF THE PARTIES TO THE MONTREAL PROTOCOL ON SUBSTANCES THAT
DEPLETE THE OzONE LAYER 12 (1990).

124. UNEP, supra note 36, at 53.
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useful throughout the world because they were reliable and easy to
service. This is not so with the CFC substitute systems. The new
systems and retrofits will break down more often than CFC-based
systems and will be more difficult to repair.125 In developing nations,
most of which have a shortage of skilled technicians, the results may be
disastrous, particularly in critical areas such as commercial food
distribution, domestic food preservation, and delivery of medical care.
Badly needed refrigeration systems will break down more frequently,
and go without repair for significant periods of time.
The industrialized nations have promised to transfer new
technologies to developing nations, although the Montreal Protocol
contains no guarantees." 6 Nevertheless, the promise is meaningless
until such technologies have been developed, which may take several
17

years

2

125. Many phaseout proponents have stated that the transition to CFC substitute
use will be quick and inexpensive. However, most refrigeration experts believe that
it will take at least a decade of research and development as well as experience from
field use before CFC substitute systems will be as reliable and cost effective as the
CFC systems in use today. Based on past experience, each new refrigerant coming
into use can be expected to cause unanticipated problems that will require several
years of fine tuning to overcome. This will be particularly true for substitute
compounds because, unlike the stable CFCs, they are more reactive (else they would
not be approved as substitutes) and thus more corrosive. Over time, they will cause
damage to the equipment they are cycled through. Equipment redesign will be
necessary to avoid whatever corrosion problems are encountered in the field, but such
improvements take many years. In the interim, the equipment will suffer frequent
breakdowns, often of a type not easy to repair. In addition, if the current group of
leading replacement compounds fail to live up to their potential and new ones must
be found, the whole research and development process must start again. Plans to
bridge the gap by retrofitting CFC systems for HCFC use in some applications,
though more promising thus far than the non-halogenated technologies, are also
fraught with technical difficulties. In addition, progress in HCFC retrofits, as well
as new systems designed specifically for HCFC use, are being slowed because many
manufacturers, fearful of an accelerated HCFC phaseout (a possibility left open by
the Montreal Protocol and the Clean Air Act Amendments of 1990), do not foresee
any chance of profit from HCFC systems, and customers do not want to purchase
equipment using refrigerants that may soon be unavailable. Thus, current law will
result in CFC systems being abruptly replaced by expensive and inadequate retrofits
and new systems. Id.
126. See The Ozone Layer: The Lady Turned, THE EcONOMIST, July 7, 1990, at 43.
127. Despite optimistic statements from phaseout proponents, the massive
research and development programs currently in place have thus far achieved only
modest progress in finding adequate substitute compounds and systems.
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It is difficult to estimate the human costs of the accelerated CFC
phaseout, as this problem has not been realistically studied.'28
However, it is clear that CFC-based refrigeration systems have brought
about world-wide reductions in malnutrition, hunger related diseases,
and illnesses caused by contaminated food. They have also increased
the availability of pharmaceuticals and blood supplies. Much of the
world's population relies on refrigeration in one way or another. Thus,
any deficiencies in the CFC substitute systems will result in widespread
and serious harm.
If compliance proves difficult for developing nations, some may
refuse to adhere to the Montreal Protocol and continue making and
using CFCs. The Montreal Protocol has set out economic sanctions to
be imposed on non-complying nations." 9 It remains to be seen if such
sanctions would be used against the world's poorest countries, especially
if their non-compliance is motivated by the failure of substitute systems
to maintain vital food and medicine distribution networks. Further,
international enforcement efforts may be undercut if doubts about the
ozone depletion theory continue to grow.
B. The Costs in the Developed World
The costs to industrialized nations of the accelerated phaseout are
considerable. In the United States, air-conditioning and refrigeration
industry spokespersons estimate that the increased costs of substitute
refrigerants and the remaining supply of CFCs, the necessity of
increased servicing and compliance with recovery and recycling rules,
retrofits of motor vehicles and other equipment, premature obsolescence
due to lack of refrigerant availability, higher costs of new equipment,
and additional energy consumption will total tens of billions of dollars
annually for the foreseeable future. 3 ' Billions more will be spent in
128. The UNEP studies on the world-wide impact of the phaseout make the

assumption that the substitute systems will soon be as reliable and cost effective as

the CFC systems being replaced.

Thus, they predict minimal difficulties in

implementing the phaseout. See UNITED NATIONS ENVIRONMENT PROGRAMME,
SYNTHESIS OF THE REPORTS OF THE OZONE SCIENTIFIC ASSESSMENT PANEL,
ENVIRONMENTAL EFFECTS PANEL, AND TECHNOLOGY AND ECONOMIC ASSESSMENT
PANEL (1991).

129. UNEP, supra note 36, at 46.
130. See Miller, ARI Chairman Tells RSES: "ProtectYour Own Interest", AIR
CONDITIONING, HEATING & REFRIGERATION NEWS, Dec. 28, 1992, at 17; In Protecting
the Atmosphere, Choices Are Costly and Complex, N.Y. TIMES, March 7, 1989, at Cl;

Derra, CFCs:No Easy Solutions, RES. AND DEV., May 1990, at 57; Zurer, Industry,
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replacing halogenated compounds previously used in a variety of
manufacturing, agricultural, pharmaceutical, and other uses. In most
applications, substitutes of comparable quality and cost effectiveness are
not yet available."'
A slower and more orderly retreat from
halogenated compound use would have cost much less.
In addition, the sudden introduction of replacement substances has
led to occupational health concerns. 3 ' The new refrigerants have
undergone limited testing, and preliminary indications are that some
may be carcinogenic. 3' There is not enough time to thoroughly test
these refrigerants before they will go into widespread use, so the extent
of the danger is unknown.'34
HCFC-123, thus far the best replacement for R-11 (a CFC used in
large chillers), is considered so carcinogenic that some service companies
refuse to work with it. 3 ' The EPA, pursuant to regulations, tested this
refrigerant and pronounced it safe at "normal" exposure levels of 10
parts per million volume (ppmv) or less.'36 They have ignored criticism
from industry experts that such minute ambient levels are not normal
at all in typical working conditions. The EPA has declined to state
whether HCFC-123 is safe at the higher concentrations likely to be
encountered in the field. Similarly, concerns about the toxicity and

Consumers Prepare for Compliance with Pending CFC Ban, CHEMICAL AND
ENGINEERING NEWS, June 22, 1992, at 7.

131. Despite several years of research and development, all the CFC substitutes
synthesized thus far suffer from one or more of the following drawbacks:
corrosiveness, long term instability, combustibility, toxicity, carcinogenicity,
incompatibility with lubricants, energy inefficiency, and high cost. See In Protecting
the Atmosphere, Choices are Costly and Complex, N.Y. TIMEs, March 7, 1989, at C1.
132. See Benign Tumors Found in HCFC-123-ExposedRats, AIR CONDITIONING,
HEATING, & REFRIGERATION NEWS, July 1, 1991, at 1; Zurer, Tumors Cloud Future

of CFC Substitute, CHEMICAL AND ENGINEERING NEWS, July 22, 1991, at 21.
133. Id.
134. Telephone interview with Reva Rubenstein, Environmental Protection
Agency (April 2, 1993).
135. Miller, Johnson Controls Says 'No' to HCFC Chiller Service, AIR
& REFRIGERATION NEWS, July 13, 1992, at 1.
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carcinogenicity of other substitutes have been ignored or downplayed by
the EPA.'37
Literally millions of refrigeration, manufacturing, and agricultural
workers, as well as the general public, will be exposed to substitute
compounds of unknown safety. In another five to ten years, the dangers
posed by these substances will be better known, and the harmful ones
replaced by safer alternatives. Unfortunately, the rapid phaseout
requires that these compounds be prematurely pressed into service.'38

VI. CONCLUSION

Scientific evidence is building that the CFC-ozone depletion issue
has been greatly exaggerated, both as to the probability that depletion
is occurring and to the extent of any human and environmental damage
that would result. There is no clear evidence that the earth's ozone
layer has been significantly depleted by CFCs or any other halogenated
compounds. No increase in UVB has occurred, without which the
postulated harm cannot occur, and no credible evidence exists that a
future UVB increase is likely. There is no established link between
ozone depletion and malignant melanoma incidence. No depletioninduced environmental damage has been documented. The Antarctic
ozone hole is probably a natural phenomenon, and poses no known
danger to humans or the ecosystem.
The costs of compliance, contrary to current predictions, could prove
to be exorbitant. In addition to large dollar costs, there are serious
concerns about the occupational health risks and the adverse impact on
the worldwide standard of living. The recent acceleration of the
phaseout to 1995 has greatly increased these costs. A slower and more
orderly phaseout would cost considerably less, and be an adequate
precautionary measure. A reassessment of the Montreal Protocol and
the Clean Air Act Amendments of 1990 may soon be necessary.
137. The EPA, in sharp contrast to its zealous efforts to ban CFCs, has been
relatively lax in its responsibility to assess the health safety of CFC substitutes. The
Occupational Safety and Health Administration (OSHA) has also avoided regulation
of CFC substitutes. This is particularly so with respect to those replacements vital
to the implementation of the rapid phaseout, such as HCFC-123. Based on animal
testing, HCFC-123 is probably a greater carcinogen than Alar, a pesticide banned by
the EPA. Also, there has been no testing as to the possible synergistic effects of the
many substitutes being introduced.
138. Considering the spuriousness of the ozone layer/skin cancer link, and the

documented carcinogenicity of some of the CFC substitutes, the 1995 CFC phaseout
may result in a net cancer increase.

